
  

An Improved Study of the Excited Radiative  Decay 

                                       Using Lattice NRQCD

C. Hughes, R. Dowdall, G. Von Hippel, 

R. Horgan, M. Wingate

C. Hughes DAMTP, University of Cambridge

Introduction

Thursday 26th June, Lattice 2014



  

● Study spin singlets: 

C. Hughes DAMTP, University of Cambridge

Motivation    

Motivation :



  

● Study spin singlets: 

● Insight into heavy quark bound states in QCD

C. Hughes DAMTP, University of Cambridge

Motivation    

Motivation :



  

● Study spin singlets: 

● Insight into heavy quark bound states in QCD

● Laboratory to test relativistic effects: NRQCD =? Experiment

C. Hughes DAMTP, University of Cambridge

Motivation    

Motivation :



  
C. Hughes DAMTP, University of Cambridge

Theory

Decay Rate:



  
C. Hughes DAMTP, University of Cambridge

Theory

Decay Rate:



  
C. Hughes DAMTP, University of Cambridge

Theory

Currents and Power Counting



  
C. Hughes DAMTP, University of Cambridge

Theory

Currents and Power Counting



  
C. Hughes DAMTP, University of Cambridge

Theory

NRQCD Action



  
C. Hughes DAMTP, University of Cambridge

Theory

Power Counting

Exp. 

 R. Lewis, R. Woloshyn, 

Tree Level L.O. Action + L.O. Current



  
C. Hughes DAMTP, University of Cambridge

Theory

Power Counting

Exp. 

 R. Lewis, R. Woloshyn, 

Tree Level L.O. Action + L.O. Current



  
C. Hughes DAMTP, University of Cambridge

Theory

Currents and Power Counting

This study finds: 



  
C. Hughes DAMTP, University of Cambridge

Theory

Power Counting

Exp. 

 R. Lewis, R. Woloshyn, 

Tree Level L.O. Action + L.O. Current



  
C. Hughes DAMTP, University of Cambridge

Theory

Power Counting

 R. Lewis, R. Woloshyn, 

Exp. 

Tree Level N. L.O. Action + L.O Current

Tree Level N. L.O. Action + N. L. O. Current

Tree Level L.O. Action + L.O. Current



  
C. Hughes DAMTP, University of Cambridge

Theory

Power Counting

 R. Lewis, R. Woloshyn, 

Exp. 

Tree Level L.O. Action + L.O. Current

Tree Level N. L.O. Action + L.O Current

Tree Level N. L.O. Action + N. L. O. Current



  
C. Hughes DAMTP, University of Cambridge

Theory

Power Counting

Exp. 

Tree Level L.O. Action + L.O. Current

Tree Level N. L.O. Action + L.O Current

Tree Level N. L.O. Action + N. L. O. Current

 R. Lewis, R. Woloshyn, 



  

                                                      

                                                    

                                                    Going to a Potential model 

                                                    could prove potentially useful
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Potential Model

Suppressed more than naively expected!!
Explains large changes on previous figure. 
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Lattice NRQCD



  

● One (three) gluon ensemble   

● 192 (~1000) gauge fields and 16 (16) time sources

● No (Order alpha in v^4 and four quark) radiative corrections – N.B!!

● Off (On) -shell photon
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Improved Lattice Calculation

       exploratory (this) study includes: R. Lewis, R. Woloshyn, 
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Lattice NRQCD

Coulomb Gauge Fixed Ensembles

daMILC Configurations (                               HISQ) 
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Lattice NRQCD

Results for Radiatively Improved             Action with             Corrections

Preliminary

Not 10% of M4!!
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Lattice NRQCD

Sensitive to  
need four quark operators 
in action

Preliminary

Results for Radiatively Improved             Action with             Corrections



  

● L.O. current suppressed due to orthogonality of radial wavefunctions

– NRQCD works as expected
● This suppression results in sensitivity to:

– Relativistic corrections in current   

– Relativistic corrections in action

– Radiative corrections in action
● Provides stringent test of NRQCD
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20% errors on w_3, w_7
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Theory

Interaction Lagrangian
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